No clear understanding exists about the course of a patient's blood pressure (BP) during an emergency department (ED) visit. Prior investigations have demonstrated that BP can be reduced by removing patients from treatment areas or by placing patients supine and observing them for several hours. However, modern EDs are chaotic and noisy places where patients and their families wait for long periods in an unfamiliar environment. We sought to determine the stability of repeated BP measurements in the ED environment.
INTRODUCTION
The emergency medicine literature contains many studies demonstrating that blood pressures (BP) are not stable over time in patients in the emergency department (ED). Nielsen et al 1 demonstrated that the BPs of severely hypertensive patients decreased over several hours of rest in a quiet environment, decreasing by approximately 30 mmHg over 1 hour regardless of whether or not they received antihypertensive therapy. Pitts and Adams 2 found that patients who presented with hypertension in the ED experienced a spontaneous decline in BP. He attributed most of this decline to statistical regression to the mean. In a prior study, we demonstrated that repeating triage BP measurements in a quiet environment resulted in decrements of at least 10 mmHg in most participants, regardless of the initial BP.
substantially; therefore, patients are left waiting for longer periods before any intervention occurs. We sought to define the extent and magnitude of BP change that occurs during this waiting time. We considered a stable change of 10 mmHg in either direction for systolic or diastolic pressure to be clinically relevant.
METHODS

Study Design
The study used a prospective design. A convenience sample of patients presented to ED triage were enrolled in the study. Patients were provided with written informed consent that was approved by the local Committee for the Protection of Human Subjects in Research.
Setting
The study was conducted from December 2003 to February 2004 at an urban university ED. The annual ED census was greater than 150,000.
Selection of Participants
All patients age 18 years and older who presented to the ED were eligible to participate provided that they were capable of giving consent and that conducting repeated measurements of their BP would not adversely affect their care. Study participants were excluded if they had ingested caffeine or other stimulants in the previous 24 hours or if they had had changes to their medication regimen in the last several days that might affect BP. Patients with critical medical conditions that required immediate evaluation and treatment (eg, hypertensive emergency or conditions with severe pain) were excluded from the study. In addition, no patients received any medications, including anti-hypertensive agents, during the course of this study.
Methods of Measurement
Manual BP measurements were made at ED triage by using a standard mercury sphygmomanometer (Applied Diagnostic Corp, Happauge, New York). The research assistants auscultated the brachial artery by using a Littman Cardiology III stethoscope (3M Littmann Stethoscopes, Rhinebeck, New York). All equipment was calibrated in accordance with the manufacturers' recommendations. All BP measurements were conducted by personnel trained and certified according to standards outlined by the British Hypertension Society. 4 Inter-and intrarater reliability were accurate to 2 mmHg.
Repeated measurements were made thereafter at 10-minute intervals for 2 hours or until participants refused additional measurements. Participants were divided into 3 groups on the basis of their presenting BPs: severely elevated (greater than 160/100), elevated (140-160/90-100), and normal (less than 140/90). The cutoffs for each group were derived from Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High BP (JNC) VII staging. 5 JNC VII criteria typically are used to stratify groups of individuals on the basis of stable BP measurements made at multiple office visits. Although no attempt was made to diagnose hypertension in individuals during the course of this study, the JNC VII classifications nonetheless represent the most widely recognized standard for dividing patients into groups that are based on BP. Because the purpose of this study was to observe the fluctuations in BP that occur within the ED setting, patient activity and location were not restricted during enrollment time in the study.
Outcome Measures
Outcome measures involved changes to systolic and diastolic BP as a function of time during an ED visit.
Data Analysis
Standard regression models allow for only 1 measurement per study participant. In this study, repeated measurements of the same participants were central to the study design and required a more sophisticated regression model. Ware 6 described such models, which form the theoretical basis for SAS PROC MIXED (SAS Institute, Cary, North Carolina), the program used here to determine the relationship between time and heart rate (HR), systolic BP, or diastolic BP. We utilized a growth curve specification for the means that allowed the inclusions of variance components for each growth factor. This, in effect, provided a growth curve for each individual, which the model then combined to get an overall curve.
A priori power analysis indicated that a sample size of 25 participants with a minimum of 7 readings each would be adequate to detect significant differences (at a ¼ 0.05) of 10 mmHg and a standard deviation of 10 mmHg at a power level of 0.90. Because of the concern that a large proportion of participants might drop out of the study before all measurements were obtained, a target of 50 participants was set.
An alternative analysis was performed that allowed individuals to move among JNC VII groups as their BPs changed over time. This did not result in any material change from the results presented here.
RESULTS
A total of 76 patients were enrolled at triage. Of the 76 study participants, 28 presented as normotensive status; 23, as elevated; and 25, as severely elevated. Of the 76 participants, 26 were missing some measurements. Because we anticipated omitting patients with incomplete data from the analysis, we continued to enroll study participants in order to replace them. However, the statistical procedure was sufficiently robust to accommodate participants with some missing data, and data from these participants were included in the final analysis. Review of the data and comparative analyses suggests that participants with partial data did not differ from those with full data. Descriptive data is outlined in Table 1 .
Although HR and BP were expected to decline over time, the exact shape of the curve defining this relationship was not immediately obvious. An iterative process, beginning with simple linear regression and adding higher-order terms to improve overall fit, ultimately resulted in the following regression equation:
for which DEPVAR is the dependent variable of systolic BP or diastolic BP, T is the time interval of the reading (eg, 0, 10 minutes, 20 minutes), and J represents the regression coefficients. Our model allowed each group (normal, elevated, and severely elevated) to have unique growth curves with linear quadratic and cubic trends in BP measurements over time.
There was no evidence of statistically significant higher order time trends in the data. There were significant differences in linear rates of decline in systolic BP by presenting BP group (F 2,555 ¼ 5.20, P , 0.006), although all 3 groups had significant linear rates of decline (normal: b ¼À0.25 per minute, P , 0.0008; elevated: b ¼À0.34 per minute, P , 0.0001; extremely elevated: b ¼À0.39 per minute, P , 0.0001). The quadratic mean trend (b ¼ 0.005 per minute, P , 0.0006) and cubic mean trend (b ¼À0.00002 per minute, P , 0.005) were the same across presenting BP groups. These combined trends implied that there was no significant difference in mean systolic BP across time for the normal group. For the elevated group, mean systolic BP was significantly reduced at all points beyond 60 minutes. The mean difference over the second hour from baseline was 8.2 (standard error [SE] ¼ 2.3, P , 0.0004).
There were significant differences in linear (F 2,551 ¼ 12.11, P , 0.0001), quadratic (F 2,551 ¼ 6.87, P , 0.002), and cubic (F 2,551 ¼ 4.31, P , 0.02) rates of decline in diastolic BP by presenting BP group). The extremely elevated group was the only group to show significant trends over time (linear b ¼ À0.50 per minute, P , 0.0001; quadratic b ¼ 0.0072 per minute, P , 0.0001; cubic b ¼À0.00003 per minute, P , 0.002). The combined impact of these trends showed that the mean diastolic BP was significantly lower than BP at each time of follow-up (mean decline from baseline in first hour of follow-up ¼ 9.4, SE ¼ 1.5, P , 0.0001; mean decline from baseline in second hour of follow-up ¼ 8.8, SE ¼ 1.5, P , 0.0001). The coefficients are summarized in Table 2 .
The regression analysis for systolic and diastolic BP showed significant variance in the linear component of change, which indicated substantial individual variation across participants. Thus, as many participants had a small decrease in BP as had a more significant decrease and, in some cases, a slight increase. Therefore, an individual BP alone is not sufficient for us to classify these individuals according to their presenting BPs.
DISCUSSION
Our data demonstrated a statistically significant decline for only the most elevated BPs (ie, presenting pressure greater than 160/100 mmHg). However, this decline is not sufficient to normalize BP within a 2-hour timeframe. Prior research may have done a disservice to a large number of patients in the ED by not explicitly examining this variability. Understanding this variability and eventually finding the characteristics that predict it may allow the development of guidelines to target BP interventions in the ED.
Patients with so-called normal presenting BPs were included on the study. Our prior data suggest that presenting pressures of these patients may be no more stable over time than those of patients presenting with elevated pressures. Therefore, concern exists that a low-normal BP might, for example, represent hypotension temporarily masked by anxiety and/or pain.
Although there is a small and statistically significant downward trend to the composite curve for systolic pressures, there was considerable individual variability between study participants. More than half of participants experienced fluctuations substantial enough to change the patient's classification from the initial BP, which supports the JNC VII recommendation of multiple measurements separated in time. ED physicians may not have such luxury, but it is especially important in the ED environment to interpret any isolated BP measurement with caution. Despite the currently accepted notion that BP decreases and plateaus with time spent in the ED, the results of previous studies on repeat BP measurements in the ED have been divided. Some researchers have found that brief periods of rest in the ED 7 or simple placement in the supine position 1 significantly lowered the BP of patients with severe hypertension. Other studies have failed to demonstrate statistically significant differences between repeat BP measurements in the ED. 8 Major emergency medicine texts state that ''most patients, even those with an exacerbation of chronically elevated BP, will show a substantial decrease in pressure without intervention during a short observation period in the ED.'' 9 Further, Rosen's Emergency Medicine states that ''the most common causes of transient hypertension are pain and anxiety. In these patients, end-organ ischemia is highly unlikely, and treatment of the primary process results in prompt resolution of their acute hypertension. For this reason, all patients without evident complications should be allowed to rest 60 minutes and have pressures reassessed. Most patients, even those with poorly treated chronic hypertension, will show an improvement in their BP with watchful waiting.'' 9 We did not observe the equilibration in BP that was demonstrated in the study by Nielsen et al, 1 even in those patients with the most severely elevated BP. However, the overcrowded and chaotic environments of modern urban EDs have all but eliminated the conditions under which such an equilibration in BP could be expected to occur spontaneously.
LIMITATIONS
This study, although powered adequately to detect clinically significant differences between repeated manual measurements (ie, 5 mmHg 6 10 mmHg), was conducted at a single center, and problems identified in our practice environment may not exist in other facilities. A larger-scale, multicenter study would provide more information in this regard.
It has been posited that the frequent BP measurements might have induced anxiety or a white coat hypertensive effect. Some patients tired of the frequency of measurements, and the initial consent and reading might have induced some anxiety. However research assistants noted that the patients often expressed gratitude for participation in the study. The patients perceived the frequent BP readings as some sort of involvement, whereas other patients not on the study often waited without ED personnel addressing them. Nevertheless, we cannot exclude a Hawthorne effect on the BP by virtue of frequent measurements. Although the research assistants noted participant activities that might affect BP, such activities were not systematically recorded or analyzed. No patient received any medications that might have any effect on BP during the course of the study. However, many patients had intravenous lines placed or blood drawn during the course of the study; none received significant fluid boluses during the study period, though. Repeating this study and coding for variables, such as body position, activity, and location within the ED, may allow for a model that better explains the variability of BP measurements. It is also possible that the 2-hour period over which the study was conducted was insufficient time for BP equilibration. Lengthening the time between measurement intervals and keeping participants in the study for longer time periods might change the outcome of this study.
Patients who ingested stimulants, including caffeine, were excluded from the study. Although this excluded a sizable portion of the ED population, we wished to exclude any patient who had a large stimulant bolus either prior to enrollment or during the course of the study.
The population for this study consisted of a wide array of individuals who might present with a variety of conditions. It is possible that some features of the presenting complaint (eg, pain or chronicity) may have accounted for some of the between-patient variability observed. A larger study may provide a sufficient number of patients, so a proper subgroup analysis could be undertaken to address this question.
Research assistants were trained prior to commencement of the study with excellent interater and intrarater reliability. We did not recheck the assistants over the time of the study to confirm that this was maintained, leading to a possible source of error. However, in no case did the 2 research assistants trade off on a given patient, so there would not be problems with interrater reliability in BP measurement.
The JNC VII criteria were used as a means of grouping patients with similar presenting BPs, though this is not, strictly speaking, the intended purpose of the BP groups. A large-scale cohort study prospectively observing patients initially enrolled in EDs throughout the country would be necessary to determine the long-term health consequences (if any) that can be attributed to presenting BPs in the ED.
CONCLUSION
BP in the ED is not stable over time. This study provides evidence of a downward trend in repeated measurements on those who present to ED triage with severely elevated BPs.
Although the magnitude of the decrease in BP is less than previously described, it still is consistent with the recommendation for watchful waiting in those who do not present with a frank hypertensive emergency. This downward trend would add caution to those who would hastily treat hypertensive patients in the ED. It confirms the approach to a patient presenting to ED triage who has very high blood pressure: without evidence of acute end organ damage, do not hurry to treat. However, we cannot overlook the need referral for outpatient management of hypertension in order to treat hypertension, not urgently, but continuously. 10 
